Lung cancer is the leading cause of cancer mortality worldwide.
commonly from recurrences at sites outside the lung, suggesting that the cancer had spread before surgery.
The goal of systemic therapy in patients with resected NSCLC is to eradicate the prior seeded micrometastases to improve overall survival. Several clinical trials and meta-analyses have shown improved survival in resected NSCLC with different combinations of chemotherapy. [2] [3] [4] [5] [6] [7] These analyses are still based on empiric treatment and do not address the question of who will benefit the most from therapy and who may be harmed. The ultimate goal of adjuvant NSCLC treatment is to predict which patients will benefit from the use of chemotherapy, targeted therapy and radiation therapy, and to individualise therapy based on the patient's tumour characteristics, including histology and genetic analysis. Recently, trials have begun to use novel biomarkers as a first step towards individualised adjuvant therapy.
In this article, we will give a brief historical background on the use of chemotherapy in the adjuvant setting, followed by previously investigated biomarkers to guide adjuvant therapy and end with a discussion of ongoing clinical trials to address the important question of how to personalise adjuvant therapy.
History of the Use of Chemotherapy in Resected Non-small-cell Lung Cancer
Initial use of chemotherapy in NSCLC was only for metastatic disease.
In 1991, an international panel recommended against the routine use of adjuvant chemotherapy outside of clinical trials. 8 Four years later a meta-analysis was undertaken to investigate the role that chemotherapy after surgery had played in trials up to that point. 9 Fourteen trials were evaluated and the meta-analysis showed a 5% improvement in five-year survival but failed to reach statistical significance. Owing to this encouraging result and the established benefit of adjuvant chemotherapy in multiple other solid tumours, several follow-up studies were initiated.
The follow-up clinical trials validated the use of adjuvant chemotherapy in resected NSCLC. 10 The major adjuvant trials are beyond the scope of this article; however, they are highlighted in Table 1 .
Although not all the trials were positive, a large meta-analysis of the data has reaffirmed the use of adjuvant chemotherapy. The Lung adjuvant cisplatin evaluation (LACE) meta-analysis was conducted to identify treatment options for post-operative chemotherapy. 5 Data from 4,584 patients were pooled from the five largest adjuvant trials (Adjuvant lung project Italy [ALPI], 11 Adjuvant International Trialist chemotherapy. The effect of the adjuvant therapy did not significantly differ between all the chemotherapy regimens, which incorporated cisplatin plus at least one additional drug.
The Evolving Role of Biomarkers for Choosing Chemotherapy in Resected Non-small-cell Lung Cancer
The limited benefit of using adjuvant chemotherapy seen so far in trials, and the lack of benefit in certain subsets, such as most stage IB tumours, highlight the fact that we do not yet understand who will be most helped by treatment and which agents to use. To make further improvements in survival, we will need to identify those patients most at risk for recurrence and determine which chemotherapy will work the best in each person. In addition, we will need to identify those at low risk to avoid the unnecessary toxicity of chemotherapy, a point highlighted by the long-term IALT data indicating potential harm in the form of increased non-cancer mortality. 2 In this large trial, initial analysis indicated an overall survival benefit, but with longer-term follow-up to 7.5 years, the significance of the benefit was lost and there was an indication of excess non-cancer mortality in the chemotherapy arm. This increased noncancer death and loss of benefit over time has not been seen in other adjuvant trials, including JBR.10 and ANITA, 3, 4 but the IALT long-term data are concerning. Although we still have a lot to learn about the basic biology of NSCLC, which is a very heterogeneous disease, there are some promising emerging prognostic and predictive markers that are beginning to be incorporated into our decisions for adjuvant therapy. A prognostic marker is one that indicates survival benefit (or detriment)
regardless of therapy. Examples of this include tumour stage, tumour size and patient sex. A predictive maker is one that predicts for differential benefit from a particular therapy. Although we will not discuss prognostic markers here in much detail, there have been several early-stage prognostic biomarkers published (see Table 2 ). The predictive markers and how they fit into the ongoing clinical trials are discussed below.
Although there is a great need for biomarkers in NSCLC, each biomarker must be rigorously tested and validated before it is implemented.
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Excision Repair Cross-complementation Group 1
The excision repair cross-complementation group 1 (ERCC1) protein functions in the nucleotide excision repair pathway and is required for the proper repair of DNA after damage from insults such as ultraviolet (UV) light or cisplatin. ERCC1 was one of the first proteins to be studied in a retrospective fashion using immunohistochemistry (IHC) on operative specimens taken from patients who had participated in the IALT trial. In the 'IALT-Bio' analysis, 761 tumour specimens were evaluated and ERCC1 expression was positive in 335 (44%) and negative in 426 (56%). A benefit of cisplatin-based adjuvant chemotherapy was associated with the absence of ERCC1 (test for interaction; p=0.009). p=0.009). 18 The result suggested that completely resected ERCC1-negative NSCLC would benefit from a cisplatin-based adjuvant chemotherapy, whereas those with high ERCC1 levels were less likely to benefit. The rationale was that DNA damaged by cisplatin was unable to undergo repair, resulting in greater tumour cell death. 
Ribonucleotide Reductase M1
The regulatory subunit of ribonucleotide reductase M1 (RRM1) is essential for nucleotide excision repair. RRM1 expression was studied
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BRCA1 = breast cancer 1; ERCC1 = excision repair cross-complementation group 1; HR = hazard ratio; IALT = International adjuvant lung cancer trial.
in patients with early-stage NSCLC who had only undergone resection with no adjuvant chemotherapy. 20 In this study, patients with high 
Epidermal Growth Factor Receptor

p53
The mutation or loss of p53 can lead to genomic instability resulting in an aggressive tumour with a poor prognosis. There have been many meta-analyses looking at both p53 protein levels and mutational status as a prognostic marker. In the JBR.10 trial, overexpression of p53 protein detected by IHC was a marker for poor prognosis but the p53 mutational status was not prognostic for survival. 31 Overexpression of p53 protein evaluated by IHC predicted survival
The benefit from adjuvant chemotherapy, but the p53 mutation was not a predictive marker for adjuvant chemotherapy. The utility of this marker for adjuvant therapy is therefore indeterminate at this time.
Insulin-like Growth Factor Receptor 1
The prognostic role of insulin-like growth factor receptor 1 (IGF1R) expression in surgically resected NSCLC was recently undertaken.
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IGF1R expression was evaluated by IHC in tissue microarray sections.
Although a positive IGF1R expression was significantly associated with squamous cell histology, there was no difference in survival between the positive and negative groups. Therefore, IGF1R expression does not appear to be a prognostic factor in resected NSCLC patients. If IGF1R targeted agents prove to have some efficacy in advanced stage NSCLC, they are likely to be further investigated in early-stage disease.
Breast Cancer 1
Breast cancer 1 (BRCA1) is a member of the DNA mismatch repair pathway. Overexpression of BRCA1 correlates with poor overall survival in patients with completely resected, chemotherapy-naive NSCLC. 
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Thymidylate Synthase
In a randomised phase III trial comparing pemetrexed/cisplatin with gemcitabine/cisplatin, survival was superior in patients with non-squamous histology receiving the pemetrexed-based regimen. 35, 36 Using the histological classification for a therapeutic decision led the US Food and Drug Administration (FDA) to limit pemetrexed therapy to only patients with nonsquamous NSCLC. The treatment outcome difference using pemetrexed in different histologies is likely to be due to an underlying difference in thymidylate synthase (TS). TS is an enzyme that is important for DNA biosynthesis and a target of fluoropyrimidine-and pemetrexed-based therapies. Low TS expression levels have been associated with a better response to pemetrexed. 37, 38 Although TS mRNA expression is on average lower in groups of patients with non-squamous histologies compared with squamous histologies, there is significant overlap of expression ranges in individual patient tumours. Further analysis of the relationship between chemotherapy and TS is being studied prospectively in the international ITACA phase III trial.
Class III β-tubulin
Tubulins are a family of globular proteins that make up microtubules in cells. They are important for many aspects of the cell, including structure, movement, mitosis and vesicular transport. The expression of class III β-tubulin (βTubIII) was studied in the JBR.10 study. IHC was performed for βTubIII on 265 out of 482 resected tumour specimens, and a high level of expression was correlated with a better relapsefree survival and overall survival in patients who received the adjuvant chemotherapy. 39 A high expression of βTubIII correlates with resistance to antimicrotubule reagents. 40 Further prospective studies are needed to validate the utility of βTubIII. Although to date most of the aforementioned biomarkers have not been integrated into practice, there are numerous ongoing clinical trials to address the utility of these genetic biomarkers for clinical treatment decisions. investigation. In addition to genomic signatures, studies using proteomics have been developed to classify which patients might respond to receptor TKIs. [42] [43] [44] [45] Although this is used in advanced NSCLC, the same proteomic signatures are now being applied to
Genomic and Proteomic Signatures
Prospective Clinical Trials Using Biomarkers to Predict Utility of Adjuvant Therapy
Cancer and Leukemia Group B 30506 Trial
The Cancer and leukemia group B (CALGB) 30506 trial is a randomised phase III trial to determine the potential overall survival benefit of adjuvant chemotherapy in patients with NSCLC of 2-7cm without nodal involvement randomised to chemotherapy compared with observation (see Figure 1) . Patients in the trial will be randomised to observation or to three cisplatin-doublet chemotherapies. High-quality fresh frozen lung cancer tumour tissue will be collected and processed from multiple institutions for gene expression array generation. The primary objective is to determine whether any gene expression patterns can be correlated with the effect of adjuvant chemotherapy for overall survival. Other biomarkers are also being investigated.
Southwest Oncology Group S0720 Trial
The Southwest Oncology Group (SWOG) S0720 is a phase II clinical trial using the expression of ERCC1 and RRM1 to determine adjuvant therapy in patients with stage IA or IB NSCLC (see Figure 2 ). After surgery patients are assigned to one of two arms based on RRM1 and ERCC1 gene expression analysed using automated quantitative analysis (AQUA) technology. Arm I includes patients who have high RRM1 and ERCC1 expression who will be observed post-operatively.
Arm II includes patients who have low RRM1 and ERCC1 expression who will receive gemcitabine and cisplatin for four cycles. The primary objective is to assess the feasibility of assigning adjuvant treatment based on tumoural RRM1 and ERCC1 gene expression and to estimate the two-year disease-free survival of these patients. The trial will also to explore the relationship between RNA and RRM1 and ERCC1 protein expression, and the relationship between RRM1 and ERCC1 expression in the formalin-fixed and paraffin-embedded tumour specimens.
Eastern Cooperative Oncology Group 1505 Trial
The II and IIIA NSCLC that express the MAGE-A3 antigen (see Figure 4) . The target accrual is 2,270 patients to find over 1,400 who will be eligible for the vaccination based on MAGE-A3 expression. The vaccination will be given 13 times over 27 months. Patients will be followed every
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Randomised Double-blind Trial in Adjuvant Non-small-cell Lung Cancer with Tarceva Trial
The RADIANT trial is a phase III clinical trial designed to evaluate the role of erlotinib in the adjuvant treatment of patients with resected stage IB-IIIA NSCLC (see Figure 5 ). The adjuvant trial is a double-blind, placebo-controlled study that randomised 945 patients to either two years of daily oral erlotinib therapy at 150mg/day or placebo. Only patients with EGFR-positive tumour tissue detected by either FISH or IHC were randomised. Before randomisation, patients were allowed to receive up to four cycles of platinum-based adjuvant chemotherapy.
Correlates of the study include EGFR FISH and mutational status.
RADIANT has completed accrual and we are awaiting results. high ERCC1 levels will receive no treatment and be observed and those that have low ERCC1 levels will receive cisplatin plus pemetrexed for four cycles. The hypothesis is that patients receiving tailored adjuvant therapy will have better disease-free survival rates than patients in the control arm receiving standard chemotherapy therapy.
Spanish Customised Adjuvant Trial
The Spanish customised adjuvant (SCAT) trial uses the BRCA1 mRNA levels to customise therapy in patients with completely resected stage I-IIIA NSCLC (see Figure 7) . The rationale for the trial is that patients with low BRCA1 mRNA levels have longer survival when treated with cisplatin-based chemotherapy, 49 whereas patients with high BRCA1 levels have longer survival when treated with taxane-based therapy. 50 Early-stage NSCLC patients with high BRCA1 levels had significantly worse survival. 33 The trial was designed to give patients with high BRCA1 levels docetaxel, patients with intermediate 
International Tailored Chemotherapy Adjuvant Trial
The International tailored chemotherapy adjuvant (ITACA) trial is a pharmacogenetic-driven phase III study based on both ERCC1 and TS testing (see Figure 8) . 
